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(54) Mouse optical sampling scheme 

(57) Methods and systems for implementing an im- 
proved mouse optical sampling scheme are disclosed. 
At least one counter state machine (320, 324) is used 
to control at least one PTR state machine (328). At least 
one PTR state machine is used at a sample rate in order 
to determine the appropriate output for the mouse. The 
sample rate is adjusted to minimize the system sensi- 



tivity to poor duty cycle regulation. In addition, response 
time T min value(s) are adjusted in order to optimize the 
duty cycle for each PTR state machine. The mouse out- 
put is then provided to the computer. Consequently, by 
optimizing the duty cycle for each PTR state machine 
and minimizing its sensitivity to poor duty cycle regula- 
tion, a greater dynamic range of optical components can 
be employed in the mouse. 
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Description 

Field of the Invention 

[0001] The present invention relates to the field of 
pointing devices for use with personal computers and, 
in particular, to methods and systems for implementing 
an improved sampling scheme that enables a greater 
dynamic range of optical components to be used in a 
computer mouse. 

Background of the Invention 

[0002] EP-A-0310230 and U.S. Patent No. 5,256,913 
to Sommer ("the '913 patent") discloses electronic com- 
ponents and circuits used to sense motion differences 
in a computer mouse. As detailed in the '913 patent, a 
mouse typically uses optical components, such as light 
emitting diode (LED) and phototransistor (PTR) pairs, 
to determine motion. However, these components have 
a large manufacturing variability. This variability can 
cause problems in determining motion because of the 
limited dynamic range in the mouse electrical system. 
[0003] Various methods have been used in the past 
in order to overcome this manufacturing variability. One 
method has been to test and sort each optical compo- 
nent to make sure that the component matches the sys- 
tem's requirements. LEDs and photodetectors (e.g. 
phototransistors) from the same manufacturer, made on 
the same day by the same machine may exhibit widely 
varying brightness and sensitivity. For example, some 
LEDs are brighter than others with the same amount of 
applied power. Similarly, some photodetectors can see 
the same amount of light better than other photodetec- 
tors. In this method, bright LEDs are paired with weak 
photodetectors, and dim LEDs are paired with strong 
photodetectors. Consequently, the strengths and weak- 
nesses of the optical components are balanced out. 
Thus, in this method, components are sorted by strength 
into bins and the manufacturer puts appropriately 
matched optical components into the mice. 
[0004] Another method is to design complex electrical 
circuits that dynamically adjust the system gain in order 
to compensate for optical-component variability. For ex- 
ample, it is common to use resistors to control the 
strength of optical components and their corresponding 
signals. During manufacturing, a mouse circuit board is 
built and powered up. A test device measures the 
strength of the signals. Variable resistors are then ad- 
justed to compensate for the strengths and weaknesses 
of the optical components. 

[0005] Unfortunately, the above methods are difficult 
and expensive to use in production. Further, employing 
these methods to overcome manufacturing variability 
significantly increases the manufacturing cost per unit 
of each mouse. In addition, using these methods slows 
production of the mice, further negatively impacting 
profitability. 



[0006] Accordingly, it is an object of the present inven- 
tion to provide an improved mouse optical sampling 
scheme that enables a greater dynamic range of optical 
components to be used in a computer mouse. 

5 

Summary of the Invention 

[0007] The present invention can be broadly summa- 
rized as follows. In one embodiment, the present inven- 

10 tion is a method of determining motion in a mouse that 
is used in conjunction with a computer. At least one 
counter state machine is used to control at least one 
PTR state machine. At least one PTR state machine is 
used at a sample rate to determine the appropriate out- 

15 put for the mouse. The sample rate is adjusted, prefer- 
ably after each sample, in order to minimize the system 
sensitivity to poor duty cycle regulation. In addition, T mln 
response time value(s) may be adjusted in order to op- 
timize the duty cycle for each PTR state machine. The 

20 mouse output is then provided to the computer. By op- 
timizing the duty cycle for each PTR state machine and 
minimizing its sensitivity to poor duty cycle regulation, a 
greater dynamic range of optical components can be 
employed in the mouse. 

25 [0008] Of course, the method and system of this em- 
bodiment may also include other additional elements 
and/or steps. 

[0009] Other embodiments are disclosed and claimed 
herein as well. 

30 

Brief Description of the Drawings 

[001 0] The present invention may take physical form 
in certain parts and steps, embodiments of which will be 
35 described in detail in this specification by way of exam- 
pie only and illustrated in the accompanying drawings 
which form a part hereof, wherein: 

FIGURE 1 is a block diagram of a general-purpose 

40 computer system capable of being used in conjunc- 
tion with the present invention; 
FIGURE 2 is a partial block diagram of the motion- 
difference-sensing portions of a computer mouse; 
FIGURE 3 is a block diagram of the exemplary com- 

45 ponents of a mouse capable of being used in ac- 
cordance with the present invention; 
FIGURE 4 is a flow chart depicting an exemplary 
process for the counter state machine; 
FIGURE 5 is a flow chart depicting an exemplary 

50 process for the PTR state machine; 

FIGURES 6A and 6B are charts illustrating the sim- 
ulated duty cycle regulation and tracking perform- 
ance of a prior art mouse; and 
FIGURES 7A and 7B are charts illustrating the sim- 

55 ulated duty cycle regulation and tracking perform- 
ance of a mouse employing the present invention. 
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Detailed Description of the Invention 

[0011] The present invention provides methods and 
systems for providing an improved mouse optical sam- 
pling scheme that enables a greater dynamic range of 5 
optical components to be used in a computer mouse. In 
particular, this invention overcomes the problems of the 
prior art by using a dynamic sample rate that is depend- 
ent on the response time (T min ), which is preferably ad- 
justed each time a sample is evaluated. With this adjust- 10 
ment {i.e. learning), it only takes one sample to adjust 
T min from its maximum value to its optimum value. In 
addition, the present invention uses a higher T min reso- 
lution that increases mouse tracking performance by: 
obviating duty cycle errors, providing a better range of f 5 
duty cycle adjustment, and providing a faster sample 
rate for fast optical components (i.e. small T m j n values). 
Thus, this invention overcomes the problems of the prior 
art and enables manufacturers to use a greater dynamic 
range of optical components in computer mice. 

Terminology 

[0012] Before proceeding with a detailed discussion 
of this case, the following terms as used in the descrip- 
tion are explained in order to facilitate a better under- 
standing of the description. 

[001 3] An " adjustment component" is the XYZ photo- 
detector adjustment circuitry. 

[0014] A " button logic component " is the standard cir- 
cuitry that takes input from external buttons (i.e. switch- 
es) on a mouse and provides this data to the application 
interface. 

[001 5] A " comparator" is a device that compares two 
quantities and determines their equality. 
[0016] A " counter " is a variable in programming, a 
hardware chip or a portion thereof, which is used to keep 
track of anything that must be counted. 
[001 7] A " counter state machine" is the state machine 
that monitors elapsed time for the optical component 
sampling. 

[0018] " Digital resolution " is the number of bits used 
to record the value of a sample in a digitized signal. 
[0019] " Discharge time " is the requisite time period to 
dissipate the charge on all phototransistors being mon- 
itored by the PTR state machine. 
[0020] " Duty cycle " is the percentage of time that the 
PTR signal states are at a logical "high" value. The ideal 
duty cycle is 50% for a phototransistor of a mouse mov- 
ing at a constant speed. 

[0021] A " light emitting diode " (LED) a semiconductor 
diode that emits light when charged. 
[0022] A " mouse " is a pointing device that enables a 
computer user to input location data into a computer. 
This data is typically used to locate an icon, such as an 
arrow or crosshair, on a graphical display. 
[0023] " Phase " refers to the electrical signal timing 
between two photodetectors used for a given axis of a 



mouse. The phase is determined by the relationship be- 
tween the photosource, photodetector and encoder 
wheel in a mouse. 

[0024] A " photodetector " is a device that senses the 
light pulses in an optical fiber and converts them into 
electrical pulses. It uses the principle of photoconduc- 
tivity, which is exhibited in certain materials that change 
their electrical conductivity when exposed to light. 
[0025] A " phototransistor " (PTR) is a type of photode- 
tector and, in particular, is a transistor with photodetec- 
tor capabilities. 

[0026] A " PTR state machine " is a state machine that 
monitors the output of the photodetectors which deter- 
mine movement of a mouse. 

[0027] A " response time " (T min ) refers to the minimum 
amount of time that it takes a photodetector to detect a 
voltage that equals or exceeds a threshold voltage (V th ) 
after an LED is turned on. 

[0028] A " sample rate " is, in digitizing operations such 
as with a mouse, the frequency with which samples are 
taken and converted into digital form. The sampling fre- 
quency must be at least twice that of the analog frequen- 
cy being captured. 

[0029] A " state machine ," also called a finite state ma- 
chine, is a computing device designed with the opera- 
tional states required to solve a specific problem. The 
circuits are minimized, specialized and optimized for the 
application. For example, chips in audio, video and im- 
aging controllers are often designed as state machines, 
because they can provide faster performance at lower 
cost than a general-purpose CPU. 
[0030] " Time to cross the threshold " (T cross ) refers to 
the amount of time it takes for the output of a photo- 
source and corresponding input on a photodetector to 
cross a threshold voltage that differentiates a logical "ze- 
ro" (0) from a "one" (1). 

[0031] " Universal Serial Bus " (USB) is a hardware in- 
terface for low-speed peripherals such as the keyboard, 
mouse, joystick, scanner, printer and telephony devices. 

[0032] An " XY learning component " is the circuitry 
that determines when to reset the X and Y axis T mjn val- 
ues to their maximum value. 

General-Purpose Personal Computer 

[0033] Now therefore, in accordance with the present 
invention, a mouse is used in conjunction with a com- 
puter, such as a general-purpose personal computer. 
FIGURE 1 and the following discussion are intended to 
provide a brief, general description of a suitable com- 
puting environment in which the invention may be im- 
plemented. Although not required, the invention will be 
described in the general context of computer-executa- 
ble instructions, such as program modules, being exe- 
cuted by a personal computer, single chip microproces- 
sor or application specific integrated circuit. Generally, 
program modules include routines, programs, objects, 
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components, data structures, etc. that perform particu- 
lar tasks or implement particular abstract data types. 
Moreover, those skilled in the art will appreciate that the 
invention may be practised with other computer system 
configurations, including hand-held devices, multiproc- 5 
essor systems, microprocessor-based or programma- 
ble consumer electronics, network PCs, minicomputers, 
mainframe computers, and the like. The invention may 
also be practised in distributed computing environments 
where tasks are performed by remote processing devic- 'n> 
es that are linked through a communications network. 
In a distributed computing environment, program mod- 
ules may be located in both local and remote memory 
storage devices. 

[0034] With reference to FIGURE 1, an exemplary 15 
system for implementing the invention includes a gen- 
eral-purpose computing device. This device is in the 
form of a conventional personal computer 20, including 
a processing unit 21, a system memory 22, and a sys- 
tem bus 23 that couples various system components in- 20 
eluding the system memory to the processing unit 21. 
The system bus 23 may be any of several types of bus 
structures including a memory bus or memory controller, 
a peripheral bus, and a local bus using any of a variety 
of bus architectures. The system memory includes read 25 
only memory (ROM) 24 and random access memory 
(RAM) 25. A basic input/output system 26 (BIOS), con- 
taining the basic routines that help to transfer informa- 
tion between elements within the personal computer 20, 
such as during start-up, is stored in ROM 24. The per- 
sonal computer 20 further includes a hard disk drive 27 
for reading from and writing to a hard disk, not shown. 
In addition, the computer 20 includes a magnetic disk 
drive 28 for reading from or writing to a removable mag- 
netic disk 29, and an optical disk drive 30 for reading 
from or writing to a removable optical disk 31 such as a 
CD ROM or other optical media. The hard disk drive 27, 
magnetic disk drive 28, and optical disk drive 30 are con- 
nected to the system bus 23 by a hard disk drive inter- 
face 32, a magnetic disk drive interface 33, and an op- 
tical drive interface 34, respectively. The drives and their 
associated computer-readable media provide nonvola- 
tile storage of computer readable instructions, data 
structures, program modules and other data for the per- 
sonal computer 20. Although the exemplary environ- 
ment described herein employs a hard disk, a remova- 
ble magnetic disk 29 and a removable optical disk 31, 
other types of computer-readable media capable of stor- 
ing data that is accessible by a computer may also be 
used. Examples of computer-readable media include 
magnetic cassettes, flash memory cards, digital versa- 
tile disks, Bernoulli cartridges, random access memo- 
ries (RAMs), read only memories (ROM), and the like. 
[0035] A number of program modules may be stored 
on the hard disk, magnetic disk 29, optical disk 31 , ROM 
24 or RAM 25, including an operating system 35, one 
or more application programs 36, other program mod- 
ules or components 37, and program data 38. A user 



may enter commands and information into the personal 
computer 20 through input devices such as a keyboard 
40 and pointing device 42. Other input devices (not 
shown) may include a microphone, joystick, game pad, 
satellite dish, scanner, or the like. These and other input 
devices are often connected to the processing unit 21 
through a serial port interface 46 that is coupled to the 
system bus, but may be connected by other interfaces, 
such as a parallel port, game port or a universal serial 
bus (USB). A monitor 47 or other type of display device 
is also connected to the system bus 23 via an interface, 
such as a video adapter 48. One or more speakers 57 
are also connected to the system bus 23 via an inter- 
face, such as an audio adapter 56. In addition to the 
monitor and speakers, personal computers typically in- 
clude other peripheral output devices (not shown), such 
as printers. 

[0036] The personal computer 20 may operate in a 
networked environment using logical connections to 
one or more remote computers. Each remote computer 
49 may be another personal computer, a server, a rout- 
er, a network PC, a peer device or other common net- 
work node. And, each remote computer 49 typically in- 
cludes many or all of the elements described above rel- 
ative to the personal computer 20, although only a mem- 
ory storage device 50 has been illustrated in FIGURE 
1 . The logical connections depicted in FIGURE 1 include 
a local area network (LAN) 51 and a wide area network 
(WAN) 52, Such networking environments are common- 
place in offices, enterprise-wide computer networks, in- 
tranets and the Internet. As depicted in FIGURE 1, the 
remote computer 49 may communicate with the person- 
al computer 20 via the local area network 51 . The re- 
mote computer 49 may communicate with the personal 
computer 20 via the wide area network 52. 
[0037] When used in a LAN networking environment, 
the personal computer 20 is connected to the local net- 
work 51 through a network interface or adapter 53. 
When used in a WAN networking environment, the per- 
sonal computer 20 typically includes a modem 54 or oth- 
er means for establishing communications over the wide 
area network 52, such as the Internet. The modem 54, 
which may be internal or external, is connected to the 
system bus 23 via the serial port interface 46. In a net- 
worked environment, program modules depicted rela- 
tive to the personal computer 20, or portions thereof, 
may be stored in the remote memory storage device. It 
will be appreciated that the network connections shown 
are exemplary and other means of establishing a com- 
munications link between the computers may be used. 

Electronic Circuitry Capable of Being Used in Mouse 

[0038] The electronic circuitry capable of being used 
in a mouse in accordance with the present invention is 
idealistically represented in FIGURE 2. As shown, the 
motion-difference-sensing-circuitry portions of a com- 
puter mouse 42 generally include a photosource, such 
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as an LED 200, and a photodetection circuit 202. A sub- 
stantially more detailed description of this common cir- 
cuitry is set forth in the *913 patent. 
[0039] As mentioned in the Background of the Inven- 
tion, the '913 patent discloses electronic components 5 
and circuits used to sense motion differences in a com- 
puter mouse. Further, the '913 patent teaches the spe- 
cific devices and circuits that are capable of being im- 
plemented in a mouse by using a low-cost photosource 
/ photodetector pair as well as a single chip microproc- *0 
essor or an application specific integrated circuit. A per- 
son of ordinary skill in the art will understand that the 
methods and systems of the present invention are pref- 
erably implemented by use of one or more of the devices 
and circuits in the '913 patent. Accordingly, reference is *5 
made to the '913 patent (including its drawings and 
specification). 

Architecture, State Information and Invention 
Performance 20 

[0040] The architecture of the major functional hard- 
ware modules of an application specific integrated cir- 
cuit (ASIC) suitable for use with the present invention 
are set forth in FIGURE 3. The application interface 300, 25 
USB transceiver 302, USB device core 304, descriptor 
ROM 306, voltage regulator 308, oscillator 310, clock 
reset 312 and button logic 314 modules are all well 
known to persons of skill in the art. Accordingly, these 
modules 300-314 are not discussed herein. The mouse 30 
logic module 31 6, on the other hand, is more particularly 
relevant to the present invention and is therefore de- 
scribed herein in detail. 

[0041] The mouse logic module 31 6 performs all func- 
tions necessary to generate the mouse packet data, 
which is ultimately provided to the computer 20. Other 
than the well-known button logic cell 314, the mouse log- 
ic module 316 includes the XYZ-opto-gain-adjustment- 
logic cell 318, the XY-counter-state machine 320, the 
XY-iearning cell 322 and the Z-counter-state machine 
324. 

[0042] The goal of the XYZ-opto-gain-adjustment- 
logic cell 318 is to achieve approximately a 50% duty 
cycle on each PTR in each photodetection circuit 202, 
irrespective of each PTR's optical gain (assuming the 
mouse is moving at a constant speed). The XYZ-opto- 
gain-adjustment-logic cell 318 accomplishes this goal 
by turning on the LED 200 and monitoring the inputs to 
the photodetection circuit 202 and, more particularly, the 
inputs to each PTR in each photodetection circuit 202. 
By controlling the LED 200 and monitoring the inputs to 
each PTR, the XYZ-opto-gain-adjustment-logic cell 318 
is able to determine when to adjust the response time 
(T mln ) and thus adjust the sample rate. This enables the 
invention to optimize each PTR's duty cycle. 
[0043] More particularly, the sample rate is dependent 
on each PTR's gain. In the present embodiment, the 
sample rate equals the sample time plus the time to dis- 



charge all of the PTRs. Sample time is the largest (i.e. 
longest) of two times the response time minus one 
(2T min -1) for all the PTRs in the system. This dynamic 
sample rate is significant because the sample rate is in- 
creased during the circumstances where the T min reso- 
lution is the poorest (small T mln values have poor reso- 
lution, resulting in poor duty cycle regulation). This dy- 
namic sample rate extends the dynamic range by a fac- 
tor of about two for fast optoelectronic devices, since the 
system sensitivity to duty cycle is lessened by the faster 
sample rate. The discharge time for each PTR is usually 
about 21 usee (32 counts at 667ns). Thus, the maximum 
sample rate is about 192 psec and the nominal sample 
rate is about 30 usee at a standard operating frequency 
of 1.5 MHz. 

[0044] Preferably, each axis (i.e. the X-axis, Y-axis 
and Z-axis) on the mouse is treated separately and is 
independent of one another. Consequently, sample 
rate, sample time and T mjn for each axis can be sepa- 
rately monitored and adjusted as necessary in order to 
optimize the duty cycle. Preferably, the T mjn adjustment 
(i.e. learning) occurs every time a sample is taken from 
a PTR. This enables the T mln value to be immediately 
optimized from a maximum or other value to the current 
ideal value. Optimization of the duty cycle is further en- 
hanced by utilization of an increased digital resolution 
for the T mjn values. In prior art designs, only 8 T min val- 
ues were available and used in an attempt to regulate 
the duty cycle. The present invention improves over the 
prior art by approximately 1 600% by providing 1 28 avail- 
able T min values. This large number of sample points 
provides substantially increased resolution on the duty 
cycle adjustment, thereby minimizing deviations from 
the 50% ideal duty cycle. 

[0045] The increased digital resolution for the T min 
value on each axis is preferably achieved by use of a 
seven (7) bit register {i.e. 2 7 =128) for each PTR. The 
XYZ-opto-gain-adjustment-logic cell 318 preferably al- 
so includes a counter that is used to keep track of the 
sample time. In this embodiment, an eight (8) bit counter 
is preferably used because the maximum sample time 
is 255 (i.e. 2T mln -1) and because 2 8 =256. In addition, 
the XYZ-opto-gain-adjustment-logic cell 31 8 includes at 
least two PTR state machines 328 that monitor the out- 
puts for each PTR for each axis and adjust the T mjn for 
each PTR as necessary. Preferably, the XYZ-opto-gain- 
adjustment-logic cell 318 has two PTR state machines 
328 for each axis in the mouse 42. A digital comparator 
in the XYZ-opto-gain-adjustment-logic cell 318 com- 
pares the count in the counter to the T min value in each 
register as necessary. 

[0046] For the X-axis and Y-axis, the XY-learning cell 
322 has the ability to reset any one or more of the T mjn 
values for the X-axis and/or the Y-axis. Any time that 
there is no activity on an axis for the maximum sample 
time (i.e. 256 packets), the T min value for the axis is pref- 
erably set to its maximum value. Again, in this embodi- 
ment, the maximum T mln value is 1 28. As previously dis- 
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cussed, setting the T min value to its maximum will in- 
crease the sample time and the sample rate. 
[0047] An exemplary flow chart for each counter-state 
machine 320 and 324 used in conjunction with the 
present invention is shown in FIGURE 4. The counter- 5 
state machines 320 and 324 are the master state ma- 
chines for each axis they control. More particularly, the 
counter-state machines 320 and 324 control the sample 
rate, discharge time, counter, LED 200, PTRs, and PTR 
state machines 328 for each axis they control. When the 10 
counter-state machine 320 and 324 is started, the ma- 
chine is in its AutoZero_state S400. The counter-state 
machine 320 and 324 stays in this state for a predeter- 
mined period of time (A2_time or discharge time) to en- 
sure that the photodetectors are completely dis- *5 
charged.. The counter-state machine 320 and 324 next 
moves to the Release. PTR_state S402 and enables 
each PTR or other photodetector for the applicable axis. 
Each LED 200 or other photosource in the axis is then 
turned on S404. 20 
[0048] The counter-state machine 320 and 324 then 
proceeds to the Count_state S406. The machine 320 
and 324 will stay in this state S406 for so long as: (a) 
the current count is less than the sample time (i.e. 2T mln - 
1 ); and (b) at least one PTR state machine 328 for the 25 
applicable axis is in its Ramp_state S500. If (a) the count 
is greater than or equal to the sample time, or (b) all PTR 
state machines for the applicable axis are in the 
Sample_Complete_state S502, then the machine 320 
and 324 proceeds to the LED_OfT_state S408. All LEDs 
200 or other photosources for the applicable axis are 
then turned off S408. The state machine 320 and 324 
moves to the state entitled Allow_relearn S410. If any 
T mjn adjustments need to be made, the adjustments are 
made during this state S410. Finally, the counter-state 
machine 320 and 324 returns to the AutoZero_state 
S400 and waits for the predetermined amount of time, 
AZJime. 

[0049] An exemplary flow chart for each PTR state 
machine 328 used in conjunction with the present inven- 
tion is shown in FIGURE 5. Each PTR state machine 
328 controls the output for one PTR in its applicable ax- 
is. In addition, each PTR state machine adjusts the T mjn 
for each PTR as necessary in order to optimize its duty 
cycle. On start up, each PTR state machine 328 is in its 
Ramp_state S500. While in the Ramp_state S500, each 
PTR state machine 328 monitors its PTR, the applicable 
T mjn value and the counter. The PTR state machine 328 
stays in this state S500 for so long as: (a) the counter's 
count is less than two times T min (/.e. 2T mln ), and (b) the 
output of the applicable PTR is low (i.e. the threshold 
voltage has not been crossed). When (a) the count be- 
comes equal to'or exceeds two times T mjn (/.e. 2T min ) or 
(b) the output of the applicable PTR is high, then the 
PTR state machine 328 leaves the Ramp_state S500. 
[0050] If the count is less than T min and the PTR is 
high S508, then the output for the photodetection circuit 
for the axis is "1" or "High." In addition, a flag is set 



(New_T mln ) indicating that the current T min value is fast- 
er than the previously stored value. Accordingly, after 
the sample is complete S502, the new T mln value will be 
stored in its applicable register. The sample time and 
sample rate are therefore also adjusted. If the count is 
greater than or equal to the T min value and the PTR is 
high S506, then the output for the photodetection circuit 
for the axis is similarly "1" or "High." However, this cur- 
rent T mjn value is not faster than the previously stored 
value and the new T min value will therefore not be 
stored. Lastly, if the count is greater than or equal to two 
times the response time (i.e. 2T mln ) and the PTR is low 
S504, then the output of the photodetection circuit is "0" 
or "Low." As shown, the PTR state machine 328 is es- 
sentially a slave to its applicable counter-state machine 
320 and 328. 

[0051] The significant benefits of the present inven- 
tion can be seen in FIGURES 6A, 6B, 7A and 7B. There 
are three primary factors that impact the tracking per- 
formance of a mouse: phase, duty cycle regulation, and 
sample rate. The physical positions of the photosource 
(e.g. LED), the photodetector (e.g. PTR) and the encod- 
er wheel determine the phase for a mouse. Movement 
and non-idealities in these component placements 
cause the phase to deviate from the ideal phase— 90 
degrees. The duty cycle regulation (also known as opto 
gain adjustment) attempts to achieve a 50% duty cycle 
for each PTR, regardless of the light gain of the compo- 
nent. Combining the phase and duty cycle of a given 
axis determines the minimum state width. The final fac- 
tor is the sample rate. For the system to track mouse 
movement well, the sample rate must exceed the mini- 
mum state width. 

[0052] FIGURES 6A and 6B illustrate the simulated 
duty cycle regulation and tracking performance of a prior 
art mouse. As shown in FIGURE 6A, the duty cycle of 
prior art mice is not well regulated. Nominal duty cycle 
regulation in the prior art is around 60%, not the desired 
duty cycle of 50%. Consequently, as shown in FIGURE 
6B, the mouse tracking performance is poor. The per- 
formance is even worse for non-optimum phase values 
of other than 90 degrees. However, when these results 
are compared to FIGURES 7A and 7B, the performance 
of the present invention is clearly superior. 
[0053] FIGURES 7A and 7B illustrate the simulated 
the duty cycle regulation and tracking performance of a 
mouse employing the present invention. Notably, the 
duty cycle regulation of the present invention is dramat- 
ically improved over the prior art for small T cross values 
as well as high T cross values. As shown, the duty cycle 
regulation is approximately 50% for all T cross values be- 
tween 2 to 90 usee. The duty cycle improvement is a 
result of the higher resolution for Tmin and the larger 
amount of ramp time allowed. This improved duty cycle 
regulation, combined with the dynamic sample rate, 
translates to almost 100% tracking performance from 
less than 1 us to greater than 90 us as shown in FIGURE 
7B. The total improved dynamic range of the system in- 
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creases from about 6:1 for the prior art to about 150:1 
for the present invention. 

[0054] In sum, the present invention overcomes the 
limitations and problems of the prior art by using a dy- 
namic sample rate that is dependent on the response 
time (T min ), which is preferably adjusted each time a 
sample is evaluated. With this adjustment (i.e. learning), 
it only takes one sample to adjust T min from its maximum 
value to its optimum value. In addition, the present em- 
bodiment uses a higher T mjn resolution that increases 
mouse tracking performance by: obviating duty cycle er- 
rors, providing a better range of duty cycle adjustment, 
and providing a faster sample rate for fast optical com- 
ponents {i.e. small T min values). Thus, the present in- 
vention provides improved methods and systems for an 
improved mouse optical sampling scheme that enables 
a greater dynamic range of optical components to be 
used in a computer mouse. 

Scope of Invention 

[0055] The present invention has been described 
herein with reference to specific exemplary embodi- 
ments thereof. It will be apparent to those skilled in the 
art, that a person understanding this invention may con- 
ceive of changes or other embodiments or variations, 
which utilize the principles of this invention. The speci- 
fication and drawings are, therefore, to be regarded in 
an illustrative rather than restrictive sense. Accordingly, 
it is not intended that the invention be limited except as 
may be necessary in view of the appended claims. 



Claims 

1. A method of determining motion in a mouse used 
in conjunction with a computer, the method com- 
prising the steps of: 

a) using at least one counter state machine to 
control at least one photodetector (PTR) state 
machine; 

b) using said at least one PTR state machine 
at a sample rate to determine the appropriate 
output for the mouse; 

c) adjusting the sample rate in order to reduce 
said at least one PTR state machine's sensitiv- 
ity to duty cycle errors; and 

d) providing the mouse output to the computer. 

2. The method of claim 1 wherein the mouse includes 
at least one comparator, at least one light emitting 
diode, at least one phototransistor, at least one 
counter producing a counter output and at least one 
axis, and wherein the step of using at least one 
counter state machine further comprises the steps 
of: 



a) discharging the phototransistor; 

b) enabling the comparator; 

c) turning on the light emitting diode; 

d) using the counter to count for a period of 
5 time; and 

e) turning off the light emitting diode. 

3. The method of claim 2 wherein the step of using 
said at least one PTR state machine to determine 

10 the appropriate output for the mouse further com- 
prises the steps of: 

a) monitoring the output of the phototransistor 
and the counter; 
*5 b) determining the mouse output to be a first 

value if the counter output is less than a re- 
sponse time (Tmin) and if the output of the pho- 
totransistor is high; 

c) determining the mouse output to be the first 
20 value if the counter output is greater than or 

equal to the response time (Tmin) and if the out- 
put of the phototransistor is high; 

d) determining the mouse output to be a second 
value if the counter output is greater than or 

25 equal to two times the response time (Tmin); 

and 

e) providing the mouse output to the computer. 

4. The method of claim 3 wherein the step of deter- 
30 mining the mouse output to be a first value if the 

counter output is less than the response time (Tmin) 
and if the output of the phototransistor is high further 
comprises the step of setting a flag to indicate that 
the response time (Tmin) is a fastest value seen 
35 during operation. 

5. The method of claim 4 wherein the response time 
(Tmin) has a digital resolution of at least 1 28 values. 

40 6. The method of claim 5 wherein the step of monitor- 
ing the phototransistor and the counter is performed 
at the sample rate, which is equal to a sample time 
plus a discharge time. 

45 7. The method of claim 6 wherein the sample rate is 
dynamically adjusted based on the gain of the pho- 
totransistor. 

8. The method of claim 6 wherein the sample time is 
so equal to two times the response time minus one 
(2Tmin-1) and the discharge time is the time re- 
quired to discharge each said at least one pho- 
totransistor. 

55 9. The method of claim 7 wherein the sample rate is 
between 22 msec and 190 msec. 

10. The method of claim 7 wherein the discharge time 
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is about 21 msec. 

11. A method of determining motion in a mouse used 
in conjunction with a computer, the mouse including 

at least one comparator, a plurality of light emitting 5 
diodes, a plurality of phototransistors, at least one 
counter producing a counter output, and a plurality 
of axes independent from one another, said method 
comprising the steps of: 

10 

a) discharging the phototransistors; 

b) enabling the comparator; 

c) turning on the light emitting diodes; 

d) using the counter to count for up to two times 

a response time (Tmin); *5 

e) monitoring the output of the phototransistors 
and the counter at a sample rate, the sample 
rate being equal to a sample time plus a dis- 
charge time; 

0 determining the mouse output to be a first val- 20 
ue if the counter output is less than a response 
time (Tmin) and if the output of the phototran- 
sistors is high; 

g) determining the mouse output to be the first 
value if the counter output is greater than or 2s 
equal to the response time (Tmin) and if the out- 
put of the phototransistors is high; 

h) if the counter output is less than the response 
time (Tmin) and if the output of the phototran- 
sistor is high, assigning the response time 30 
(Tmin) to equal the counter output because the 
response time (Tmin) is a fastest value seen 
during operation; 

i) determining the mouse output to be a second 
value if the counter output is greater than or 35 
equal to two times the response time (Tmin); 

j) providing the mouse output to the computer; 
and 

k) turning off the light emitting diode. 

40 

12. The method of claim 11 further comprising the step 
of assigning the response time (Tmin) to equal a 
maximum value whenever the output of the pho- 
totransistors is tow for a period of time. 

45 

13. The method of claim 11 wherein the sample time is 
equal to two times the response time minus one 
(2TMin-1) and the discharge time is the time re- 
quired to discharge all of the phototransistors. 

50 

14. The method of claim 13 wherein the discharge time 
is about 21 msec, and the response time (Tmin) has 
a digital resolution of at least 128 values. 

1 5. A mouse logic system for providing a mouse output, 55 
including button-data information and motion infor- 
mation, to a computer comprising: 



a) an adjustment component (318) for deter- 
mining the motion information; 

b) at least one counter state machine (320, 324) 
for providing counter-state information to the 
adjustment component; 

c) an XY learning component (322) for deter- 
mining when to reset X axis and Y axis re- 
sponse time (Tmin) values to their maximum 
value, said XY learning component communi- 
cating with the adjustment component; and 

d) a button logic component (314) for providing 
button-data information on external mouse 
switches, 

whereby the motion information and the button-data 
information are provided by the mouse logic system 
to the computer. 

16. The logic system of claim 15 wherein the adjust- 
ment component includes at least one PTR state 
machine (328) that determine the output for each 
phototransistor contained in the adjustment compo- 
nent, said at least one PTR state machine also ad- 
justing the response time (Tmin) for each said pho- 
totransistor as necessary. 

17. The logic system of claim 16 wherein said at least 
one counter state machine (320, 324) controls at 
least one of: a sample rate for said at least one PTR 
state machine (328), a discharge time for each said 
phototransistor, a counter or at least one light emit- 
ting diode. 

18. The logic system of claim 16 or 17 wherein said at 
least one counter state machine (320, 324) controls 
each said at least one PTR state machine (328). 

19. A mouse logic system for providing a mouse output, 
including button-data information and motion infor- 
mation, to a computer comprising: 

a) an adjustment component (318) for deter- 
mining the motion information, said adjustment 
component including at least one PTR state 
machine (328) that determines the output for 
each phototransistor contained in the adjust- 
ment component, said at least one PTR state 
machine also adjusting a response time (Tmin) 
for each said phototransistor as necessary. 

b) at least one counter state machine (320 324) 
for providing counter-state information to the 
adjustment component, said at least one coun- 
ter state machine controlling at least one of: a 
sample rate for said at least one PTR state ma- 
chine, a discharge time for each said phototran- 
sistor, a counter or at least one light emitting 
diode; 

c) an XY learning component for determining 
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when to reset X axis and Y axis response time 
(Tmin) values to their maximum value, said XY 
learning component communicating with the 
adjustment component; and 
d) a button logic component for providing but- 
ton-data information on external mouse switch- 



whereby the motion information and the button-data 
information are provided by the mouse logic system 10 
to the computer. 

20. The logic system of claim 19 wherein said at least 
one counter state machine (320, 324) controls each 
said at least one PTR state machine (328). 15 
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